In this work we investigate the relative efficiency of 34 Brazilian Landline Telephone Service companies using Data Envelopment Analysis with weight constraints in the input and output variables. We formulate two different models that take into account the performance of the companies with respect to the criteria defined by Brazilian National Agency of Telecommunications (ANATEL). We also illustrate the potential of efficiency improvement through the simulation of corporate Merger.
Introduction
The privatization of the Landline Telephone Services in Brazil and the opening of the market for international operators caused significant changes in the profile of the companies offering these services, since they are now operating in a highly competitive environment as opposed to what happened in the past.
The Brazilian National Agency of Telecommunications (ANATEL) maintains an intense control of those companies, rewarding good results -for instance, through the permission of access to competition in new operation areas -and punishing through fines the nonaccomplishment of the established goals.
In July of 1998 ANATEL settled goals to be measured on the last day of the up coming 5 years. Goals were settled for each company with regard to the Quality of the services provided (see "Plano Geral de Metas de Qualidade para o STFC", 1998) and the so called "Universality" issue -which says respect to all citizens right to wide access to telecommunications services (see "Plano Geral de Metas de Universalização para o STFC", 1998).
This work fits in the context of ANATEL's continuous effort in evaluating the performance of 34 companies that are regular operators in the Brazilian Landline Telephone Service (called STFC -Serviços de Telefonia Fixa Comutada -operators). With a similar purpose Milioni developed for ANATEL (Milioni, 2001-a) an AHP model (Analytical Hierarchical Process) that took in consideration specific aspects of Universality, Quality and Fees associates to each company. Milioni concluded that for the comparison of the companies the Fee aspect was practically irrelevant, since all companies practice the maximum allowed fee except for very specific schedules of the day or punctual promotions and loyalty contracts. Although interesting, the results of Milioni, as a consequence of the technique used in his work, are limited to the ranking of the analyzed companies.
The methodology we use in this work is Data Envelopment Analysis (DEA), a nonparametric method developed to evaluate the relative efficiency of different entities of a common nature. Based on linear programming techniques, DEA is considered a robust tool for the evaluation of relative efficiencies as well as for the establishment of goals (or benchmarks) for the entities out of the efficiency border (or envelope). The analyzed entities or DMU's (for Decision Making Units) are compared under Farrel's concept of efficiency (Farrel et al., 1962) , that consists of a ratio of the weighted sum of the outputs y over the weighted sum of the inputs x of each DMU. The decision variables are u, the vector of weights of the outputs y, and v, the vector of weights of the inputs x. The choice of intervals that restrict the weights u and v is a subject of current research and it constitutes object of interest of this work.
The first DEA formulation (Charnes et al., 1978) , which became well known as CCR Model, supposes constant returns to scale (CRS). The also well known BCC Model (Banker et al., 1984) supposes variable return to scale (VRS). One of the purposes of a DEA formulation is establishing projections of inefficient DMU's on the efficiency border, settling down goals that turn them efficient. One way of doing that, in the so-called input-oriented models, is through the decrease of the input, keeping the output constant. Similarly, in the outputoriented models, we increase the output holding the input constant (Cooper et al., 2000) .
For the purpose of comparing the efficiencies of the 34 Landline Telephone Services companies we developed two models. In the first one the inputs represent the main cost components and the outputs represent the products that generate revenue for the companies.
Our second model deals with the evaluation of the services provided (Quality and Universality) taking into consideration the situation in two distinct instants of time: July of 1998, when the Quality and Universality goals were settled, and December 31 st of 2000, the most recent instant for which there were data allowing the comparison of actual figures with settled goals.
In Section 2 we describe each model and in Section 3 we address the issue of imposing constraints on the values of the decision variables. In Section 4 we present our results and in Section 5 we develop a simulation on the consequences of two possible merges. Finally, we close with Section 6 where we present our final remarks.
The Models

Model 1
In this model the inputs represent the main cost components and the outputs represent the products that generate revenue for the companies. The variables we use are the following:
Inputs:
• L -Labor (or, number of regular employees + subcontracts): represents the largest cost component.
• PT -Number of Public Telephones Installed: relates to the investment on both, the installation and the maintenance of public phones.
• AI -Number of Fixed Accesses Installed: same as above for non-public phones.
Outputs:
• MN -Number of charged minutes in national connections: according to ANATEL, it is the first revenue indicator.
• P -Number of local pulse: second revenue indicator.
• AS -Number of Fixed Accesses in Service: it produces a monthly account subscription fee plus installation costs covered by the user.
The data were supplied by ANATEL and refers to the situation observed on December 31 st , 2000 (see Table 1A , Appendix).
Since the discretionary variable is Labor, we will use an input-oriented formulation. We use a BCC and a CCR model in order to compute both, the technical and global efficiencies, respectively. We also compute the CCR and BCC efficiencies ratio, or scale efficiency. Then, we analyze the companies in terms of their relative size for the business and their competence in managing internal resources.
Model 2
The objective of Model 2 is to put in perspective the results obtained by each DMU with respect to Quality and Universality goals under the light of the amount invested and revenue level achieved by the DMU.
In the numerator of the ratio we have a revenue indicator (the average revenue per minute in national connection is four times the same for local connections) and in the denominator we have a cost indicator. Companies with greater X1 values achieve higher profit levels and thus they have greater potential of investing in Quality and Universality.
Revenue is proportional to the number of fixed accesses in service (AS), whereas cost is proportional to the number of fixed accesses installed (AI). Thus, the X2 ratio is an indicator of the quality of the investments of each company.
Outputs:
As we have seen, AI and PT (number of public telephones installed) data refer to December 31 st of the year 2000. Now, let AI 98 be the same as AI and let PT 98 be the same as PT but now both measured in July of 1998, when Quality and Universality goals were settled by ANATEL. Let us also consider, as in Milioni's AHP formulation (Milioni, 2001-a) , that the improvement on the number of fixed accesses and public telephones are equally important for ANATEL. Then, our first output, defined as an indicator of Universality, will be:
i.e., Y1 is the sum of the relative increase on the number of fixed accesses and public telephones installed in December of 2000 with respect to July of 1998, when the goals were settled by ANATEL. Data on AI 98 and PT 98 can be found on Table 3A in the Appendix. 
Subscript zero represents the result associated to the DMU under analysis and subscript m represents the average value of referred indicator for all DMU's.
We choose an output-oriented BCC model since we have normalized data and we want to analyze the companies for the results and possibilities of improvements related to Quality and Universality criteria and not for the resources they use to reach their results.
Restrictions on virtual inputs and outputs
The concept of virtual input (output), defined as the product of the value of the input (output) and its respective weight was created in order to make possible the verification of the relative share of each input or output in the objective function.
Specialists arbitrarily establish the range of share of each input (output) in the objective function by choosing the constants ϕ r e ψ r (Allen et al., 1997) such that:
A variation of equation (5) is used when we want to establish an approximate interval for all DMU's through the mean value of the inputs (outputs). This way, we define general tendencies of relative share of the variable in the objective function. In the case of three outputs we can rewrite above equation, for instance, in the following way:
where MOq is the average of output q, q=1,2,3.
In order to run Models 1 and 2 we used the pattern of dividing each output (input) by its respective mean value (Allen et al., 1997) . Therefore, the value of MOq will be equal to 1 for all q. Let thus be the notation u' for the weight of the output divided by its mean value and v' the same for the input.
Model 1
Among the three inputs of Model 1, the one known to be the most relevant for the company is Labor (L). Thus, we adopted that such variable has a tendency of share in the objective function varying from 50% to 75%, including the following restriction in the virtual input:
where the indexes 1, 2 and 3 are with respect to L, PT and AI, respectively.
Treating v 2 ' + v 3 ' as just one variable represented by (v 2 ' + v 3 ') we arrived, starting from inverting the equation presented in (8) followed by a simple algebraic treatment, to the following equations, that are the constraints to be included in the model:
Above constraints act in the value of the weight of the variable L in relation to the sum of the referring weights of AI and PT. Now, considering that, in general, the maintenance and operation costs of a public telephone are larger than the ones of a fixed access, we arbitrate that the relationship of the share of those two variables is of 3 to 1, i.e.:
We acted in a totally similar way in the case of the outputs, considering that the main output of a company says respect to the Number of charged minutes in national connections (MN). Thus:
where the indexes 1, 2 and 3 are defined with, to MN, P and AS, respectively.
We also defined, in relation to the outputs P and AS, that the relative share of the first should be 3 times greater than the one of the second. Thus,
Model 2
In Model 2 we have two input and two output variables. Considering X1, as the most relevant variable in Model 2, we adopted as before (Model 1) that it has a tendency of share in the objective function varying from 50% to 75%. Thus, we have:
where the indexes 1 and 2 are with respect to X1 and X2, respectively. From (13), we get, as before:
Considering both outputs as equally important, we defined a constraint rule designed not to allow that the DEA solution has either very low or very high values for each of them. In that sense, we impose:
where the indexes 1 and 2 are with respect to Y1 and Y2, respectively. From (15), we get:
and
Results
Using the software EMS (Efficiency Measurement System, version 1.3 -Aug., 2000) to run the two proposed models, we obtained the results presented in Table 1 ordered by the efficiency measured according to Model 2. In Figure 1 we first observe the presence of a prominence point marked with the arrow. The company associated to the point (CRT) is a benchmark in terms of technical efficiency for Model 1 and it belongs to the set of 5 most efficient companies with respect to Quality and Universality criteria (Model 2).
Companies belonging to Cluster A (Telepar, Teleron, Ceterp e Teleacre) present low Technical Efficiency levels perhaps as a consequence of large investments on Quality and Universality, for they are benchmarks with respect to Model 2. Together with CRT, these companies are, in principle, candidates for some kind of reward from ANATEL, such as the right to explore other markets. Within the same context, companies belonging to Cluster B (CTBC Telecom MS e SP, Telesp e Telesc) would be the first addressed by ANATEL in order to explain their low performance in terms of Quality and Universality, considering that they are benchmarks in terms of Technical Efficiency regarding Model 1.
In Figure 2 we plot the results obtained by Models 1 and 2 but now considering Scale Efficiency for Model 1. It is interesting to point out that in the study conducted by Milioni (2001-b) , the 2 companies belonging to Cluster E (Telesp e CTBC Telecom MS) were considered among the best in terms of financial situation. In his work developed for ANATEL, 20 companies among the 34 studied in this article had their 2000 annual balance statement data analyzed using both, a Logit model developed by Scarpel & Milioni (2001) , and a DEA model developed by Almeida & Milioni (2001) . In none of them Scale Efficiency was taken into consideration. With our present results we can see that these two companies obtained the smallest values for Scale Efficiency, whereas achieving benchmarks in terms of Technical Efficiency. According to Cooper et al. (2000) , such companies could be facing problems as a consequence of their current size or due to regional specificity.
Cluster F (CTBC Telecom SP, CRT e Telesc) represents the group of most successful companies regarding Model 1. They all appear among top 10 in the study conducted by Milioni (2001-b) and the last 2 belong to top 5.
In the same study Milioni concluded that Teleamazon was the worst company in terms of financial figures. In our study we see that Teleamazon belongs to Cluster G (Teleacre, Teleamazon and Telems) which represents the group of companies with both, low Technical and low Scale efficiencies. These companies would be suggested to focus on efforts to develop theirs performance, such as reducing number of employees.
Merger Simulation
Analyzing the results obtained in Model 1, where the companies were evaluated according to both, a CCR and a BCC formulation, we observe that CTBC Telecom MS is the company with the smallest Scale Efficiency among them all, in spite of the fact that it is a benchmark in terms of Technical Efficiency. In order to improve the Scale Efficiency of CTBC Telecom MS we propose a merger with other CTBC Telecom companies (GO, SP and MG). We will evaluate the efficiency of the new company that we will call just CTBC.
On the other hand we have Sercomtel, a company with good Scale Efficiency but Technical Efficiency below the average. For the sake of illustration we will also consider the merger of Sercomtel with Telesc, chosen according to the criteria of geographical proximity, since they are companies located in neighboring states. We will call this second company South.
Following Cooper et al. (2000), we conduct the mergers by simply adding all inputs and outputs. The data we used can be found in Table 4A , Appendix.
Next we show the efficiencies resulting from the use of the input-oriented model over the set of 30 companies resultant after the merges: Analyzing the results presented in Table 2 we observe that the Technical Efficiency of CTBC (72,1%) falls below the average of the former CTBC Telecom companies, which was equal to 84,6%. The Scale Efficiency, however, increases to 96,9% with respect to the former average of 74,5%. This results are the same as those registered by Cooper et al. (2000) in a Bank Merger Simulation, i.e., when two locally (BCC) efficient DMU's merge to form a new DMU, the new DMU is neither locally (BCC) nor globally (CCR) efficient, if increasing returns-to-scale prevails at all three DMU's. Results presented in Table 3 suggest that a simple Merger would not be sufficient in this case, in the sense that a reduction in the input would be also necessary in order to improve Technical Efficiency.
In the second Merge (South) the opposite was observed, since the resulting company became a benchmark both in Technical and Scale Efficiencies. 
Final Remarks
In this work we investigated the relative efficiency of telephone companies using Data Envelopment Analysis, a tool that can be used by ANATEL as additional support in its continuous task of evaluating the performance of the companies currently providing Landline Telephone Services in Brazil. Our results enabled us to put in evidence, for instance, the companies that could be considered candidates for an eventual reward by ANATEL, such as the concession to explore other areas. We also illustrated how to estimate the potential efficiency improvement through the simulation of corporate merger. 
